No significan t changes were found in packed cell volume, haemoglobin concentration and red cell glutathione levels in patients before and after anaesthesia with halothane or enflurane. These results, though unable to explain the mechanism, support the earlier suggestion that glutathione plays little, if any, role in protecting liver against toxic effects of these anaesthetic agents or their metabolites.
INTRODUCTION
Several biochemical factors are known to be changed in surgical patients after halothane anaesthesia. These include cortisol, testosterone,2 thyroxine 3 and many enzymes. 4 
-H
Based on studies in man and animals, it is now generally agreed that halothane anaesthesia has a rare and unpredictable complication of hepatic necrosis. This is possibly due to altered biotransformation of halothane to reactive intermediates which "induce a hypersensitivity phenomenon" accelerating hepatocellular destruction. 9 Reduced glutathione (GSH) appears to play a major role in oxidation-reduction reactions and protecting cell against drug toxicity.!O Effects of several anaesthetic agents have been examined on the GSH levels in tissues of laboratory animals. II , 12 It has been found that GSH levels are depleted in tissues'of rats anaesthetised with chloroform. 13 Halothane anaesthesia, under similar conditions, has no effect on GSH levels.
It was recently stated by Cousins et al. 14 
that
"to date evidence available indicates that glutathione does NOT exert a protective effect in halothane hepatotoxicity, so that the mechanism may be somewhat different to that of chloroform". The present study aimed to measure the changes in the levels of GSH in the red blood cells of sugical patients under halothane and enflurane anaesthesia in man.
MATERIALS AND METHOD

Patients
Twenty-four healthy adults of ASA status 1 who were scheduled for elective surgery were divided into two equal groups. Induction of anaesthesia was commenced with intravenous thiopentone sodium, endotracheal intubation was facilitated by intravenous succinylcholine and nitrous oxide and oxygen were administered in a ratio of 2: 1. Either halothane or enflurane was added to this mixture in appropriate concentration for the clinical requirements. This varied between 0.4% and 2.50/0. The length of each procedure varied between 14 and 130 minutes with mean of 51 minutes.
It was intended that this sample should 
Blood Collection
Blood samples were obtained from patients just prior to induction of anaesthesia and just before completion of the operation. Blood was collected from an antecubital vein into tubes containing lithium heparin as an anticoagulant.
Measurements
Packed cell volume and haemoglobin concentrations were measured by standard laboratory methods. GSH levels in whole blood were determined by the 5,5-dithiobis (2-nitrobenzoic acid) method of Beutler, Duron and Kelly.15 GSH values were expressed both as mg per 100 ml red blood cells and as micromole/gram haemoglobin (J.tmol/gHb).
RESULTS AND DISCUSSION
No significant changes occurred in packed cell volume, haemoglobin concentration and red cell GSH levels in patients before and after anaesthesia with halothane (Table 1) and enflurane ( Table 2 ). These results indicate that halothane and enflurane anaesthesia under clinical conditions have no significant effect on the GSH levels in man. This is in contrast to the effect of chloroform in rats and fluroxene in mice. 12 ,13 Zumbiel et al. reported that anaesthesia with halothane, enflurane, isoflurane, methoxyflurane and trichloroethylene, had no effect on GSH levels in blood or tissues in mice. However, two hours of fluroxene anaesthesia resulted in a depletion of GSH of 63% to 93% in tissues and blood. A 13070 reduction in blood glutathione was observed in rhesus monkeys by the same workers. The unchanged levels of GSH under halothane and enflurane anaesthesia in this study show that the findings of Zumbiel et at. 12 in animals apply also to man. It is interesting that Khuteta and Gupta l6 found a significant fall of glutathione after surgery under dil!thyl ether anaesthesia. Our results, though unable to provide the mechanism, support the earlier suggestion that GSH plays little, if any, role in protecting liver against toxic effects of halothane or its metabolites. 14 GSH is a major non-protein thiol constituent of the body and is considered to have diverse physiological roles in living cells. Hepatic tissues are known to contain remarkably high concentrations of this thiol and it appears to be indispensable for phenomena such as detoxication mechanism, amino acid transport across the cellular membrane, a form of cysteine for storage or transport, an essential reductant in cell proliferation processes and a protector of sulphydryl enzymes. 10 However, it is not yet known why there is a high concentration of GSH in liver cells, why its turnover is so rapid or what factors regulate its concentration, it is known, however, that the genetic deficiency of GSH in the red blood cell, due to deficiency of one or other enzyme responsible for the synthesis of this tripeptide, results in haemolytic anaemia in man l7 but not in sheep. 18 It should be interesting to examine the effect of halothane anaesthesia in patients suffering from such a GSH deficiency.
